Abstract: We hypothesized that patterns of elevated stroke mortality among those born in the United States Stroke Belt (SB) states also prevailed for mortality related to all-cause dementia or Alzheimer Disease. Cause-specific mortality (contributing cause of death, including underlying cause cases) rates in 2000 for United States-born African Americans and whites aged 65 to 89 years were calculated by linking national mortality records with population data based on race, sex, age, and birth state or state of residence in 2000. Birth in a SB state (NC, SC, GA, TN, AR, MS, or AL) was cross-classified against SB residence at the 2000 Census. Compared with those who were not born in the SB, odds of allcause dementia mortality were significantly elevated by 29% for African Americans and 19% for whites born in the SB. These patterns prevailed among individuals who no longer lived in the SB at death. Patterns were similar for Alzheimer Disease-related mortality. Some non-SB states were also associated with significant elevations in dementia-related mortality. Dementia mortality rates follow geographic patterns similar to stroke mortality, with elevated rates among those born in the SB. This suggests important roles for geographically patterned childhood exposures in establishing cognitive reserve.
T he prominent role of cerebrovascular disease in the development of dementia suggests that lifecourse risk factors influencing stroke also contribute to dementia. This is consistent with evidence that both stroke and dementia risk in late life are predicted by social or individual risk factors much earlier in life. [1] [2] [3] Stroke incidence and mortality is strongly geographically patterned. 4, 5 A band of elevated risk has been documented for decades in the southern United States, a region often called the nation's Stroke Belt (SB). 4, 6 It has previously been shown that stroke rates are elevated for people who spent their early lives in the SB, regardless of their subsequent migration patterns. 6, 7 It has also been shown that states with high stroke mortality rates also tend to have higher Alzheimer Disease (AD) mortality rates, but the role of early life residence in explaining this pattern has not been examined. 8 Although many individuals remain in the same geographic region throughout their lives, many migrate away, thus region of current residence is an imperfect marker for region of childhood residence. Furthermore, mortality differences based on place of residence at death might be attributable solely to differences in cause-of-death coding patterns rather than differences in disease etiology. 8 Given the role of early life factors in predicting cerebrovascular disease, we hypothesized that mortality related to dementia would be higher in individuals who were born in the SB compared with those born in other regions of the country. Cerebrovascular disease may also exacerbate the functional consequences of Alzheimer pathology, so we also hypothesized that AD mortality would follow a similar geographic pattern. We compared the geographic patterns in all-cause dementia and AD mortality rates with those for stroke.
METHODS

Data Sources
The 2000 United States Census Public Use Microsample data (the 5% sample who completed the long form of the Census questionnaire), upweighted to represent the actual United States population, was used to define the atrisk population. 9 Samples were restricted to individuals who were born in the District of Columbia or any of 49 United States states (Hawaii was excluded because the small population made matching difficult); age 65 to 89 years on the census date; and self-reporting race as African American or white. The Census reports are based on the reports of the householder who completed the Census form.
Mortality records for 2000 were obtained from the National Center for Health Statistics multiple cause of death files. 10 We considered the geographic patterns of 3 causes of death: AD (International Classification of Diseases-10: G30); all-cause dementia, including AD (F00-F03, G30); and stroke or transient ischemic attack (I60-I69, G458, G459). Deaths were considered as "related" to AD, all-cause dementia, or stroke if the corresponding International Classification of Diseases-10 code was listed as a contributing cause of death (the list of contributing causes includes the underlying cause) in the death certificate record. 11 Results were qualitatively similar when deaths were classified exclusively based on the "underlying" cause of death code.
Death records were included only if the decedent would have met criteria for census sample inclusion if living: born in District of Columbia or a United States state other than Hawaii and resided in District of Columbia or a United States state other than Hawaii at death; age 65 to 89 years in the year 2000; and reported race as African American or white. Death certificate data are only accurate to the extent that the proxy informant accurately reported the age, race, sex, and birthplace of the decedent.
Cause-specific mortality rates were calculated for each possible combination of the covariates, including the geographic exposures (described below for each analysis) and key covariates including race, sex, and year of birth. In other words, for each subgroup defined by all possible combinations of the covariates, we calculated the number of deaths from the death certificates and the number at risk from the Census sample. For analyses comparing SB-birth with SB-adult residence, this generated 400 strata (2 race categories Â 2 sex categories Â 25 birth year categories Â 2 SB-birth categories Â2 SB adult residence categories), and for analyses based on state of birth, this generated 5000 possible combinations (2 race Â2 sex Â25 birth years Â 50 birth states including DC). After calculating the dementiarelated mortality rate for each combination, the data from each of the birth year, sex, and region subgroups were pooled, so we could adjust for continuous age in the regression models.
Data Collection and Measurements
We defined 7 states (NC, SC, GA, TN, AR, MS, and AL) as comprising the SB, corresponding to the United States Department of Health and Human Services Stroke Belt Elimination Initiative 12 and our earlier work. 6, 7 We cross-classified rates based on place of birth (SB vs non-SB) and place of residence in the year 2000 (SB vs non-SB) to create 4 SB exposure categories: born in the SB and residing in the SB in 2000; born in the SB but did not live there in 2000; born outside the SB but resided in the SB in 2000; or neither born in the SB nor lived there in 2000. Place of residence between birth and the year 2000 is not documented, so we do not know for example how long SB-born children remained there. Evidence from earlier Census records suggests that most individuals reside in their state of birth into at least late teen years. For example, among 1940 Census 1% Microsample respondents who were aged 15 years at the time of the Census, 88% reported that they resided in their state of birth. 9 
Analyses
We calculated mortality rates within the 4 SB exposure categories adjusted for each covariate by linking mortality and population data within each combination defined by covariates (age, race, and sex) and SB exposure.
We first compared crude mortality rates for whites and African Americans in the 4 cross-classified SB exposure categories. We then used logistic regression (weighted to represent the eligible United States population) to estimate race-stratified odds ratios (ORs) 95% confidence intervals (CIs) for cause-specific mortality for those born in the SB compared with all others and those residing in the SB in 2000 compared with all others. After examining SB birth and SB residence in 2000 in separate regression models, we conducted the logistic regressions simultaneously adjusting for SB residence at birth or in 2000. All models were adjusted for sex, age, and age-squared to account for possible nonlinearities in the association between age and mortality rates.
To assess the possibility that SB birth and SB adult residence may have interactive effects, we used logistic regression to compare those who did not live in the SB at birth or in 2000 to the 3 groups of people with known exposure to the SB (those born in the SB who no longer lived there in 2000; those born outside the SB but who lived there in 2000; and those who were born in the SB and also lived there in 2000).
Finally, to examine a finer level of geographic resolution than the SB, we estimated ORs for AD and all-cause dementia-related mortality associated with birth in each of the 49 states and District of Columbia. We used racestratified logistic regressions with random effects (SAS proc glimmix) for each state, adjusted for sex, age, and agesquared. Empirical Bayes (shrinkage) estimates of the ORs associated with each state of birth were mapped. We used the empirical Bayes estimates to account for uncertainty in coefficients for states with small populations (this was especially relevant for estimating ORs among African Americans). This approach assumes that state-specific logistic regression coefficients are normally distributed around a national average; the empirical Bayes estimate "shrinks" the predicted value for each state toward the national average, in inverse proportion to the variance of the effect estimate. 13, 14 Analyses were carried out using SAS 9.2.
RESULTS
Approximately 13% of eligible death records listed stroke as a contributing cause of death (179,736 out of 1,393,733; Table 1 ). All-cause dementia was listed as a contributing cause of death on 13% of death certificates that included stroke, but only 8% of the deaths that were not related to stroke. AD was listed as a contributing cause on 3% of the stroke-related deaths and 4% of deaths that did not include stroke as a contributing cause. All fatalities associated with Alzheimer Disease are also included in the All-cause Dementia category. Contributing cause of death includes both those listed as the underlying cause and other contributing causes on the death certificate.
As of 2000, the majority of older white Americans (87%) were born outside of the SB, whereas the majority of older African Americans (53%) were born in the SB (Table 2 ). Only 4% of whites who resided outside the SB in 2000 were born inside the SB. In contrast, 37% of African Americans who lived outside the SB in 2000 were born inside the SB. In general, older African Americans were more likely to be interstate migrants: 58.3% of whites lived at census date in their state of birth, and 49.2% of blacks lived at census date in their state of birth (results not shown).
Among whites born in the SB, the crude all-cause dementia-related mortality rate for those who resided in the SB in the year 2000 was 485 per 100,000 people. Among the SB born who no longer resided in the SB in 2000, the crude dementia mortality rate was slightly higher: 508. By comparison, among individuals who were neither born in the SB nor lived there in the year 2000, the dementia mortality rate was 423, and the rate among those who were not born in the SB but lived there in 2000 was 397 (Table 2) . Among African Americans, all-cause dementia mortality rates were elevated among those born in the SB, regardless of whether they resided inside the SB (460 vs 313) or outside the SB (461 vs 351) in 2000. SB birth was also associated with elevated mortality rates from AD and stroke among whites and African Americans.
After adjusting for age, age-squared, and sex (Table 3) , SB birth remained a significant predictor of all-cause dementia mortality for both whites (OR=1.23; 95% CI: 1.21-1.25) and African Americans (OR=1.25; 1.20-1.30). SB adult residence was also associated with all-cause dementia mortality for whites (OR=1.19; 1.17-1.21) and African Americans (OR=1.08; 1.03-1.12) ( Table 3) . Patterns were similar for AD mortality, which was predicted by SB birth among whites (OR=1.30: 1.27-1.33) and African Americans (OR=1.28; 1.19-1.36). The magnitude of associations between SB exposure and dementia and AD related mortality were similar to those for stroke-related mortality.
When birth and adult SB residence were modeled together, SB birth remained an important predictor of all-cause dementia mortality for both whites (OR=1.19; 1.16-1.22) and African Americans (OR=1.29; 1.24-1.35), but adult residence in the SB retained only a small association with all-cause dementia mortality among whites (OR=1.04; 1.02-1.07) and the association was reversed for African Americans (OR=0.93; 0.89-0.98). The patterns for stroke and AD were nearly identical to those for all-cause dementia.
Compared with the reference group of individuals who were neither born in the SB nor lived in the SB in 2000, whites who were both born in the SB and lived there in 2000 had a 22% higher odds of death related to all-cause dementia in the year 2000 (Table 4) . Whites who were born outside the SB but lived there in adulthood had a 12% higher odds of dementia-related deaths, and whites who were born in the SB but subsequently left the SB had a 25% elevation in odds of all-cause dementia-related mortality in the year 2000.
Results were similar among African Americans compared with the reference group of individuals who were neither born in the SB nor lived in the SB in 2000, African Americans who were both born in the SB and lived there in 2000 had a 21% higher odds of death related to allcause dementia in the year 2000. The odds of dementia related death was similarly elevated (29%) for African All causes of death include all fatalities with the condition listed as the underlying or a contributing cause of death.
Americans born in the SB who no longer lived in the SB in 2000.
For both African Americans and whites, the ORs for AD-related mortality associated with SB birth were at least as extreme as the ORs for all-cause dementia-related mortality or stroke.
Considering each state of birth separately, patterns were very similar for all-cause dementia and AD, so we describe results for all-cause dementia (Fig. 1) . All-cause dementia mortality ORs for both African Americans and whites were elevated in classic SB states such as South Carolina (Fig. 1) . However, dementia mortality was also elevated in some non-SB states such as Oklahoma and Texas (for both African Americans and whites) and Kansas and Missouri (for African Americans). Furthermore, African Americans born in several states, including New York, Pennsylvania, Illinois, Michigan, and California had significantly lower odds of dementia-related mortality compared with the national average. Whites born in New York also experienced relatively lower odds of dementiarelated mortality than the national average. The variance in ORs associated with state of birth was smaller for whites than for African American (ie, state-specific coefficients were closer to the null among whites than African Americans).
DISCUSSION
We find that Americans aged 65 to 89 years who were born in a SB state experience higher rates of dementia related mortality compared with individuals of similar age, sex, and race who were born outside the SB. This pattern is true whether considering all-cause dementia or AD, and in fact patterns were slightly stronger for AD than all-cause dementia. The geographic patterns of dementia related mortality were in the same direction and of roughly the same magnitude as the geographic patterns of stroke. The pattern was similar for whites and African Americans, although whites who migrated into the SB but were not born in the SB also had a modest elevation of dementiarelated mortality. African Americans born outside the SB who migrated into the SB did not have higher rates of dementia-related mortality than African Americans who were born outside the SB and resided outside the SB in 2000. The variance in risk associated with state of birth was Parameter estimates are compared with the reference group of people who were neither born in the Stroke Belt nor resided in the Stroke Belt in 2000. All models are adjusted for sex, age, and age squared.
Mortality rates for each condition include all deaths for which the condition was listed as the underlying or a contributing cause of death. CI indicates confidence interval; OR, odds ratio.
larger for African Americans than whites, suggesting that geographically patterned risk factors may have a greater effect on dementia risk among African Americans than whites. A key limitation in these analyses is the reliance on death certificate data. Geographic patterns in mortality rates do not necessarily correspond with geographic patterns in incidence rates, which are likely to provide more information on the etiology of dementia. Furthermore, there are 2 major potential sources of bias entailed in this study design: inaccuracies in death certificate coding and selective migration patterns. We presented several complementary analyses to help understand the extent to which each limitation might have biased the results. As described below, we believe the evidence strongly suggests that SB birth contributes to risk of dementia and ADrelated mortality, although this does not rule out possible consequences of SB adult residence.
There are well-documented inaccuracies in cause of death coding on death certificates. 15 The patterns for AD merit special caution because of secular trends of increasing diagnosis rates. If the recognition of AD and increase in diagnosis rates occurred more quickly in the SB than elsewhere, this could have contributed to an apparent excess AD in the SB states. On the basis of current evidence on the prevalence of dementia in North America 16 and the effect of dementia on mortality risk, 17 we estimate that the number of death certificates with dementia listed as a contributing cause is only approximately 60% of all the deaths of people with dementia (estimates available from authors). However, these estimates are subject to a great deal of uncertainty. Most importantly, the relevant sources of bias in this study arise from regional differences in death certificate coding, and specifically differences based on place of birth. For example, if coding in the SB tended to emphasize dementia more than death certificate coding in other regions of the country, this could have influenced apparent dementia mortality rates in the SB. Indeed, this was a concern in earlier research documenting the overlap between geographic patterns of AD mortality and stroke A B C D FIGURE 1. Odds ratios for Alzheimer Disease or all-cause dementia-related mortality in 2000, by race and state of birth, compared with the national average, based on empirical Bayes (shrinkage) random effect estimates from logistic models, United States-born blacks and whites ages 65 to 89 years. Cutpoints are identical for the maps, but the minimum and maximum values in the keys reflect actual minimum and maximum odds ratios observed for blacks or whites for each outcome.
mortality. 8 For this reason, we examined results for migrants: people who were born in the SB but who lived outside the SB in 2000. If the regional differences in dementia mortality rates were attributable to differences in death certificate coding, we would expect migrants to show the same patterns of mortality rates as other residents of the region to which they migrated. However, we saw that dementia mortality rates were elevated among the SB-born even if they died outside the SB. Further, among African Americans, immigrants to the SB had lower dementia mortality rates than African Americans who were born outside the SB and also resided outside the SB in 2000, and lower rates compared with African Americans born in the SB. This suggests that for African Americans at least, the elevated dementia mortality rates for those born in the SB cannot be attributed strictly to differences in coding at the time of death. This argument rests on the assumption that individuals who left the SB did not differentially move to states where dementia coding on death certificates is elevated relative to other non-SB sates. We did not adjust for individual state fixed effects and therefore, cannot evaluate this possibility.
It is also possible that birth in the SB may affect the likelihood of being diagnosed with AD or other causes of dementia, given the same level of underlying disease. For example, the SB born may perform worse on neuropsychological examinations for reasons unrelated to dementia (eg, lower quality of education because of historically lower schooling opportunities). 18, 19 We cannot evaluate this hypothesis with our data. On account of uncertainty in the criteria used to classify AD versus other types of dementia for the death certificates, we interpret the findings specific to AD cautiously. It is possible that the association between SB birth and AD is entirely attributable to misclassified cases of vascular dementia. However, because all AD deaths were also included in the all-cause dementia death category, the finding that the associations between SB exposure and AD are often stronger than the associations between SB exposure and all-cause dementia mortality provide at least some evidence that this is not an adequate explanation. We did not attempt to examine vascular dementia-related deaths as a separate category.
A related concern is inaccuracy regarding place of birth recorded on the death certificate versus the census, which would typically be reported by different individuals. It is possible that the proxy interviewed for the death certificate would be unaware of the decedent's place of birth. This might be especially true for migrants whose place of birth differed from their place of residence at death: that is, some migrant decedents would be classified as nonmigrants. Assuming the Census reports on place of birth are accurate, this type of misclassification on the death certificates would result in an overestimation of the mortality rates for nonmigrants. As shown in Table 2 , most migration was from the SB to other regions of the country. Some decedents classified as individuals who were born and died outside the SB may actually have been people who were born in the SB and migrated out but whose place of birth was misreported. This type of misclassification, however, would be expected to reduce estimated mortality rates associated with SB birth. Misclassification of birthplace is thus unlikely to explain our key findings, although a bias toward same-region birth responses among proxies outside the SB might have attenuated the estimated effects.
Although our results show lower rates of AD or dementia-related mortality for African Americans than whites, this contrast is likely uninformative, given concerns about differences in diagnosis rates. 20, 21 Our data cannot help evaluate this differential, so we do not interpret the racial differences in mortality rates.
The second major concern in this study design is selective migration. People who leave their region of birth may differ with respect to many demographic, socioeconomic, or psychological characteristics from people who do not migrate. This may be especially acute for migrants into the SB. The phenomenon of the "Great Migration"-in which millions of African Americans moved from southern states to northern industrial cities during the middle of the 20th century-was so large that the selection process was probably not as extreme. Earlier research shows inconsistent results on this topic, 22 but analyses from Census records suggest that African Americans who left the South averaged more education compared with African Americans who remained in the South. 23 In contrast, African Americans born in the north averaged higher education levels than those who migrated from the south. 23 On account of the potential bias introduced by selective migration, it is important to examine the models in which region of birth is not cross-classified against region of adult residence (such as findings in Table 3 ). These models are not subjected to bias due to selective migration, and they showed that SB birth strongly predicted dementiarelated mortality. Without cross-classification, we cannot tell if it was region of birth or region of adult residence that was important, because they are strongly related. However, we note that the parameter estimates for SB birth are larger than the parameter estimates for SB adult residence for all outcomes. These differences generally were not statistically significant, but do indicate that place of birth is at least as important as place of adult residence.
Our analyses cannot pinpoint the key etiologic period associated with elevated dementia risk, because we have measures of place of residence at only 2 points in the lifecourse. The results suggest modest contributions of current region of residence for risk of dementia mortality, but we cannot rule out an important role for earlier adult exposure. Our findings are most consistent with a role for early life in shaping long-term risk of dementia-related mortality. Earlier research suggests that childhood disadvantage and region of residence predict adult dementia risk. 24, 25 Southern birth may be an indicator of childhood disadvantage, especially for older African Americans. For example, as early as 1946, when approximately 14.2% of United States white families had incomes under $1500, 19.5% of white and 49% of nonwhite families in the South had incomes below this level. 26 Region of birth might influence adult dementia risk through the same pathways as cerebrovascular disease, or through some additional mechanisms. The similar patterns observed for white and African American populations suggest that genetic explanations are unlikely.
SB pathways especially relevant to dementia may be those factors that contribute to clinical expression of disease, that is, determinants of cognitive reserve. [27] [28] [29] In general, SB birth is almost certainly associated with lower quantity and quality of education. 18, 19, 30 Although it is well recognized that segregated schools for African Americans severely underserved the population, segregated white schools in the south were also generally of lower quality than schools in the north, with shorter term lengths and less qualified teachers. 31, 32 Older southerners, whether white or black, completed less schooling on average than their nonsouthern counterparts. This lower quantity and quality of education may contribute to the southern disadvantage. Consistent with this interpretation, birth in Missouri, a non-SB state with de jure racial segregation of schools, was associated with elevated dementia risk for African Americans, comparable with the risk for SB-birth.
Nutritional factors may also contribute to these patterns. There is extensive evidence suggesting that severe poverty that affects nutritional adequacy-for example, manifested in anthropometric measures such as height or cranial size-increases dementia risk. [33] [34] [35] Elderly people born in the SB may have experienced greater poverty as children. We note however that adult education, income, and wealth do not seem to explain the relationship between SB residence and stroke incidence, 6 but we cannot rule out this hypothesis with respect to dementia.
Our results provide further evidence for common pathways leading to mortality related to cerebrovascular disease and dementia, including cases diagnosed as AD. Furthermore, many of these processes seem to originate in early life, even for conditions such as dementia that are not manifest until old age.
